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Abstract: Background: Previous research has suggested a decline in knee 
proprioception with age. Furthermore, regular participation in physical 
activity may improve proprioceptive ability. However, there is no large 
scale data on uninjured populations to confirm these theories. Therefore, 
the aim of this study was to provide normative knee joint position data 
from healthy participants aged 18-82y to evaluate the effects of age, 
physical activity and knee direction. Methods: A sample of 116 
participants across five age groups: 15-29y (mean=22y), 30-44y 
(mean=38y), 45-59y (mean=52.5y), 60-74y (mean=66y) and >75y (mean=76.5) 
was used. The main outcome measures were knee joint position sense 
absolute error scores into flexion and extension, Tegner activity levels 
and General Practitioner Physical Activity questionnaire results. 
Results: Absolute error scores in to knee flexion were 3.6°, 3.9°, 3.5°, 
3.7° and 3.1° and knee extension were  2.7°, 2.5°, 2.9°, 3.4° and 3.9° 
for ages 15-29, 30-44, 45-59, 60-74 and >75 years old respectively. Knee 
extension and flexion absolute error scores were significantly different 
when age group data were pooled. There was a significant effect of age 
and activity level on joint position sense into knee extension. Age and 
lower Tegner scores were also negatively correlated to joint position 
sense into knee extension. Conclusions: The results provide some evidence 
for a decline in knee joint position sense with age. Further, active 
populations may have heightened static proprioception compared to 
inactive groups. Normative knee joint position sense data is provided and 
may be used by practitioners to identify patients with reduced 
proprioceptive ability. 
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Background: Previous research has suggested a decline in knee proprioception with age. 
Furthermore, regular participation in physical activity may improve proprioceptive ability. 
However, there is no large scale data on uninjured populations to confirm these theories. 
Therefore, the aim of this study was to provide normative knee joint position data from 
healthy participants aged 18-82y to evaluate the effects of age, physical activity and knee 
direction. Methods: A sample of 116 participants across five age groups: 15-29y (mean=22y), 
30-44y (mean=38y), 45-59y (mean=52.5y), 60-74y (mean=66y) and >75y (mean=76.5) was 
used. The main outcome measures were knee joint position sense absolute error scores into 
flexion and extension, Tegner activity levels and General Practitioner Physical Activity 
questionnaire results. Results: Absolute error scores in to knee flexion were 3.6°, 3.9°, 3.5°, 
3.7° and 3.1° and knee extension were  2.7°, 2.5°, 2.9°, 3.4° and 3.9° for ages 15-29, 30-44, 
45-59, 60-74 and >75 years old respectively. Knee extension and flexion absolute error 
scores were significantly different when age group data were pooled. There was a significant 
effect of age and activity level on joint position sense into knee extension. Age and lower 
Tegner scores were also negatively correlated to joint position sense into knee extension. 
Conclusions: The results provide some evidence for a decline in knee joint position sense 
with age. Further, active populations may have heightened static proprioception compared to 
inactive groups. Normative knee joint position sense data is provided and may be used by 
practitioners to identify patients with reduced proprioceptive ability.  
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Background: Previous research has suggested a decline in knee proprioception with age. 20 
Furthermore, regular participation in physical activity may improve proprioceptive ability. 21 
However, there is no large scale data on uninjured populations to confirm these theories. 22 
Therefore, the aim of this study was to provide normative knee joint position data from 23 
healthy participants aged 18-82y to evaluate the effects of age, physical activity and knee 24 
direction. Methods: A sample of 116 participants across five age groups: 15-29y (mean=22y), 25 
30-44y (mean=38y), 45-59y (mean=52.5y), 60-74y (mean=66y) and >75y (mean=76.5) was 26 
used. The main outcome measures were knee joint position sense absolute error scores into 27 
flexion and extension, Tegner activity levels and General Practitioner Physical Activity 28 
questionnaire results. Results: Absolute error scores in to knee flexion were 3.6°, 3.9°, 3.5°, 29 
3.7° and 3.1° and knee extension were  2.7°, 2.5°, 2.9°, 3.4° and 3.9° for ages 15-29, 30-44, 30 
45-59, 60-74 and >75 years old respectively. Knee extension and flexion absolute error 31 
scores were significantly different when age group data were pooled. There was a significant 32 
effect of age and activity level on joint position sense into knee extension. Age and lower 33 
Tegner scores were also negatively correlated to joint position sense into knee extension. 34 
Conclusions: The results provide some evidence for a decline in knee joint position sense 35 
with age. Further, active populations may have heightened static proprioception compared to 36 
inactive groups. Normative knee joint position sense data is provided and may be used by 37 
practitioners to identify patients with reduced proprioceptive ability.  38 
 39 
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1. Introduction 43 
The subject of proprioception is steeped in history. For at least 400 years researchers have 44 
investigated how people are able to perceive and accurately control limb movements without 45 
visual input [38]. Sherrington [50] first published the word proprioception describing it as “a 46 
deep field of receptors in which stimuli are traceable to actions of the organism” [50, p.472]. 47 
Important spatial and temporal afferent information is provided by specialised 48 
‘proprioceptors’ or mechanoreceptors located in and around joints [19]. These receptors 49 
include muscle spindles, Golgi tendon organs, ruffini nerve endings, pacinian corpuscles, 50 
Meissen’s corpuscles and Merkel’s discs [41]. Receptor afferent information is transmitted by 51 
transforming the mechanical energy caused by physical deformation of the joint and muscles 52 
to electrical energy of nerve action potential [51]. This information is transmitted to the 53 
central nervous system (CNS) and in turn organised and managed in various higher order 54 
areas [6]. Motor control commands are sent to relevant muscles around the joint to ensure co-55 
ordinated, effective movement [47]. Therefore proprioception has an important role in normal 56 
co-ordinated movement and effective motor control.   57 
Various types of mechanoreceptors have been located in and around the knee joint that 58 
contribute to knee joint homeostasis [24]. Therefore the majority of tissues in this joint and its 59 
surrounding muscles provide important afferent information on position and movement [24]. 60 
Practitioners can measure static knee joint proprioception ability using joint position sense 61 
(JPS) measures [44]. These protocols involve measurement of an error angle, taken from the 62 
difference between a target knee angle set by the researcher and a reproduced knee angle 63 
completed by the participant [5,44]. However, measurement techniques have been varied and 64 
potentially lacking in validity and reliability [45]. With up to 12 decisions to make for each 65 
JPS measurement (warm-up, instrumentation, leg, position of participant, knee angle starting 66 
position, angular velocity, direction of movement, target angle, hold time, reproduction 67 
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technique, number of trials, outcome measure) it may not be surprising there is variation in 68 
measurement techniques. Therefore the reliability and validity of a methodology should be 69 
established before collection of joint position sense data [51]. 70 
An increase in age may be correlated to a decrease in certain musculoskeletal and 71 
neurological systems [16]. Therefore it is perhaps no surprise research has identified a 72 
proprioceptive decline with an increase in age. The results of cross-sectional research 73 
evidence shows reductions in static (JPS) proprioceptive ability with older populations [4, 27, 74 
28, 35, 36]. This has been explained using theory on both peripheral and central adaptations. 75 
Furthermore, Herter, Scott and Dukelow [18] considered upper limb joint position sense in 76 
209 healthy males and females aged between 18 and 90 and reported an age-related decline. 77 
However there is no normative knee data available that considers a large range of adult ages 78 
across a healthy population. This is needed to inform clinicians and their treatment of 79 
proprioceptive deficits.   80 
Regular physical activity has many health benefits and the majority of research would 81 
suggest an enhanced proprioceptive ability is one of those benefits. Many studies consider the 82 
effects of regular physical activity and proprioception using elderly populations [29, 30, 36, 83 
43, 56, 58]. The type of exercise implemented in this research ranges from Tai Chi, golf, 84 
swimming, running and strength training. Results are of the same consensus; regular physical 85 
activity appears to heighten knee proprioception. In particular with the elderly groups, regular 86 
exercise may indeed attenuate the age related decline in proprioception. This is explained by 87 
exercise induced adaptations at both peripheral and central areas. It is thought the latency of 88 
the stretch reflex is reduced and the amplitude of the stretch reflex is increased as a result of 89 
regular exercise [21]. The repetitive nature of exercise may also improve the effectiveness of 90 
the gamma motor neuron route [43]. This also improves central processing of afferent 91 
information [57]. Therefore regular exercise is thought to improve knee proprioception. 92 
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Despite these theories on an age decline and physical activity attenuation of knee joint 93 
position sense, it is unknown as to what constitutes “normal” static proprioceptive ability. 94 
Callaghan, Selfe, Bagley and Oldham [9] suggests “good” levels of knee proprioception to be 95 
below an absolute mean error score of 5°, however this figure appears arbitrary. There is also 96 
no large scale normative knee data taken from a range of ages and physically active 97 
populations to substantiate previous theories. Therefore the aim of the current study were to 98 
collect normative knee joint position sense from a representative sample of the population 99 
using a previously validated and reliable protocol. Furthermore, the study aimed to consider 100 
the effects of age and physical activity levels on knee joint position sense.  101 
2. Method  102 
A sample size calculation (G*Power, version 3.1.6, Germany) was utilised to provide an 103 
appropriate sample size producing 90% power and alpha set at 0.05. Using the independent t-104 
test method, the effect size was calculated using the mean JPS scores and accompanying 105 
standard deviations from meta-analysis data [45] as previous JPS data were not available on a 106 
large-scale uninjured sample. This meta-analysis data considered differences in knee joint 107 
position sense between patients with anterior cruciate ligament injuries and uninjured 108 
controls. Therefore this sample size is representative of a large uninjured group that may be 109 
used in comparison to an injured group in future research. 110 
The calculated appropriate sample size was 104, however the actual sample acquired was 111 
116. The sample size was then divided into appropriate age groups, based on UK population 112 
statistics [34]. This resulted in a target of 29 participants aged 15-29, 25 participants aged 30-113 
44, 25 participants aged 45-59, 26 participants aged 60-74 and 11 participants aged 75 and 114 
over. The participants were recruited using convenience but purposive sampling techniques. 115 
Table 1 details the sample. The exclusion criteria for participants included neurological 116 
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disease, hearing deficiencies, current lower extremity injury, a history of lower extremity 117 
injury (within the last six month) and/ or surgery, participation in activity such as dance or 118 
gymnastics that may induce heightened proprioception and the inability to hold the knee in 119 
full knee extension whilst seated. Participants also completed four self-assessment surveys to 120 
indicate general activity levels that may not be specific to sport or exercise (General 121 
Practitioner Physical Activity Questionnaire, Appendix 1), activity levels based on sport and 122 
exercise (Tegner Activity Survey, Appendix 2), and current knee condition to identify any 123 
undiagnosed knee problems that may exclude the participant from the study (Knee injury and 124 
Osteoarthritis Outcome (KOOS), Appendix 3 and Lysholm Score, Appendix 4).  Please see 125 
appendices for copies of these surveys with accompanying scoring methods. Participants read 126 
an information sheet and provided written informed consent. This study was approved by the 127 
University ethics board (Ref09/25). 128 
Participants wore shorts and removed the sock and shoe from their dominant leg. The 129 
participants were prepared for data collection by placing markers on the following anatomical 130 
points; a point on a line following the greater trochanter to the lateral epicondyle, close to the 131 
lateral epicondyle (placement of a marker directly on the greater trochanter is difficult due to 132 
clothing), the lateral epicondyle and the lateral malleolus of both legs [1]. 133 
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Table 1. Participant details. 134 
Age 
Group 
(years) 
Gender Split Age 
(years) 
Mass (kg) Height (m) BMI  KOOS 
 
Lysholm 
Score  
Tegner 
Score 
 
GPPAQ 
Score (range) 
15-29 Males = 13 22±4.3 74.2±7.33 1.79±0.061 23.1±2.01 97.9±4.08 95±8.03 7.2±1.01 Active 
Females = 16 22±3.4 65.1±11.86 1.65±0.058 23.9±3.60 99.6±1.78 99.7±1.25 5.4±1.59 Inactive - Active 
30-44 Males = 13 37±4.8 84.3±14.39 1.79±0.081 26.2±3.28 92.2±18.54 94.92±10.45 5.2±2.12 Moderately 
Inactive - Active 
Females =12 39±3.5 70.8±16.24 1.65±0.084 25.7±4.22 94.9±10.15 93.7±11.81 4.5±1.93 Inactive-Active 
45-59 Males = 12 53±3.1 76.4±11.46 1.78±0.06 24.1±3.20 96.6±6.05 96.9±7.28 4.0±1.54 Inactive - Active 
Females = 13 52±4.8 65.4±14.70 1.64±0.049 24.3±6.15 90.7±14.49 90.6±13.50 4.2±1.68 Inactive - Active 
60-74 Males = 11 68±4.6 90.4±12.7 1.77±0.044 29.0±3.98 90.8±21.80 90.6±17.04 2.4±0.67 Inactive – Active 
Females = 15 64±3.2 75.1±26.00 1.60±0.090 29.4±10.49 92.5±13.53 91.3±12.23 2.6±0.63 Inactive – Active 
>74 Males = 5  76±1.2 84.8±15.51 1.73±0.132 28.9±8.54 80.4±20.50 77.4±20.77 2.2±1.30 Inactive – Active 
Females = 6 77±3.1 70.8±16.47 1.59±0.067 28.1±5.68 92.5±9.87 89.3±17.05 2.2±0.98 Inactive – 
Moderately 
Inactive 
Values are mean±SD unless otherwise indicated.135 
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The JPS procedure followed in this study has been previously validated against an isokinetic 136 
dynamometer knee JPS protocol [39]. Furthermore, the intra-class correlation coefficients 137 
(ICC) value corresponding to inter-examiner reliability of this technique was 0.98 and 95% 138 
confidence intervals ranged from 0.96-0.99 and Cronbach’s Alpha value was 0.99 [40]. The 139 
ICC value for intra-examiner reliability was 0.96 and 95% confidence intervals ranged from 140 
0.91-0.98 and Cronbach’s Alpha value was 0.98 [40]. Test-retest reliability has also been 141 
reported as excellent for both knee flexion (ICC = 0.92) and knee extension (ICC = 0.86) 142 
procedures [40]. These reliability and validity statistics were taken from a similar uninjured 143 
normative population.  144 
The participant was seated on the end of a physiotherapy plinth and blindfolded. The 145 
dominant leg was passively moved by the experimenter through 30°-60° of extension from a 146 
starting knee angle of 90° (bent leg) or through 60°-90° of flexion from a starting angle of 0° 147 
(straight leg) at an approximate angular velocity of 10°/s. This angular velocity was 148 
approximated by the researcher as the limb was passively moved using a visual goniometer 149 
(see figure 1).  The choice of these target positions and hence range of motions were based on 150 
the reliability and validity studies reported previously [39, 40].  The order of the target angles 151 
was randomly allocated using randomly generated numbers. The participant then actively 152 
held the leg in this position for 5s. A photograph of the leg in the target position was taken 153 
using a standard camera (Casio Exilim, EX-FC100, Casio Electronics Co.,Ltd. London, UK) 154 
placed 3m from the sagittal plane of movement on a fixed level tripod (Camlink TP-155 
2800,Camlink UK, Leicester, UK) (see figure 1). The leg was then passively returned to the 156 
starting angle and the participant was instructed to actively move the same leg to the target 157 
angle and hold the leg in this position. Another photograph was taken and the participant 158 
instructed to move their leg back to the starting position. The process was repeated 5 times 159 
for each target angle on the dominant leg.  160 
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 161 
Figure 1. Typical set up and measurement of knee joint angle for knee joint position sense 162 
measurement. 163 
 164 
Knee angles were measured using two-dimensional manual digitizing software (ImageJ, U. S. 165 
National Institutes of Health,, Maryland, USA, http://imagej.nih.gov/ij/, 1997-2012). Knee 166 
joint position sense was calculated from the average delta scores between target and 167 
reproduction angles across five flexion and five extension trials producing absolute error 168 
scores in which only magnitude was measured [5]. Means, standard deviations and 95% 169 
confidence intervals were presented. Confidence intervals at the 95% level were calculated 170 
using the following equations –  171 
 Lower boundary of confidence interval =                172 
 Upper boundary of confidence interval =                  173 
[15, p. 748] 174 
 175 
 176 
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All statistical analysis was completed in SPSS (Version 19, IBM Corporation, New York, 177 
USA). The Kolmogorov-Smirnov test was used to examine normality of data, which was 178 
confirmed. Significant differences between JPS flexion and extension absolute error scores 179 
were tested using a dependent t-test with an alpha level set at p<0.05. The effect of age group 180 
(15-29 years, 30-44 years, 45-59 years, 60-74 years, >74years) and GPPAQ score (active, 181 
moderately active, moderately inactive and inactive) on JPS flexion and extension absolute 182 
error scores was tested using a multivariate general linear model (MANOVA) [13] with an 183 
alpha level set at p<0.05. GPPAQ information was used for JPS differences testing as the 184 
results of this survey provide nominal level data which can define activity levels. Significant 185 
correlations between JPS flexion and extension absolute error scores and age and Tegner 186 
scores were analysed using Pearson Product Correlation Coefficients for interval level data 187 
(age) and Spearman’s Rank Correlation Coefficients for ordinal level data (Tegner scores) 188 
[13] and alpha levels set at p<0.05. Significant relationships were defined using Cohen’s 189 
definitions; r=.10 (small relationship), r=.30 (medium relationship), r=.50 (large relationship) 190 
[11].  191 
3. Results 192 
Normative JPS error scores are detailed in table 2. There was a significant difference between 193 
JPS flexion (3.6±1.61°) and JPS extension (2.9±1.47°) absolute error scores (p=0.0001, 194 
r=0.10) (see figure 2). However, there were no significant effects of age group (p= 0.603 and 195 
p= 0.536) on JPS flexion and extension absolute error scores respectively. There was also no 196 
significant effect of GPPAQ score on JPS flexion error scores (p=0.691). However results 197 
indicated there was an effect of GPPAQ score on JPS extension error scores (p=0.04). Post-198 
hoc analysis revealed a significantly greater absolute error score (p=0.017) hence poorer knee 199 
joint position sense for inactive participants compared to active participants (mean difference 200 
= 1.3°, see figure 3).  201 
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There were no significant correlations between JPS flexion absolute error scores and age 202 
(p=0.540) or Tegner scores (p=0.860). However, JPS extension absolute error score were 203 
significantly correlated to age (p=0.003, r= 0.277) and Tegner scores (p=0.0001, r=-0.321). 204 
However, these correlations had a small to medium effect size [32]. 205 
Table 2. Normative knee joint position sense values of an adult UK population.  206 
Age Group 
(years) 
Gender  
Split 
JPS  
Flexion  
(°) 
 
95% CIs 
JPS  
Extension 
(°) 
 
95% CIs 
lower upper lower upper 
15-29 Males (n=13) 3.6±1.65 2.7 4.5 2.6±1.32 1.9 3.3 
Females (n=16) 3.6±1.63 2.8 4.4 2.7±1.61 2.0 3.5 
30-44 Males (n=13) 3.5±1.60 2.6 4.4 2.3±1.02 1.7 2.9 
Females (n=12) 4.3±1.90 3.2 5.4 2.7±0.82 2.2 3.2 
45-59 Males (n=12) 3.5±1.19 2.8 4.2 2.7±1.31 2.0 3.4 
Females (n=13) 3.4±1.61 2.5 4.3 3.0±1.31 2.3 3.7 
60-74 Males (n=11) 3.3±1.10 2.6 4.0 3.3±1.91 2.2 4.4 
Females (n=15) 4.1±2.15 3.0 5.2 3.4±1.35 2.7 4.1 
75+ Males (n=5) 3.0±1.27 1.9 4.1 3.4±2.41 1.3 5.5 
Females (n=6) 3.1±1.30 2.1 4.1 4.3±1.62 3.0 5.6 
 
Mean 
  
3.6±1.61 
 
3.3 
 
3.9 
 
2.9±1.47 
 
2.6 
 
3.2 
Values are mean±SD unless otherwise indicated 207 
 208 
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 209 
Figure 2. Mean and standard error JPS flexion and extension scores for a normative population. 210 
**Flexion scores were significantly higher (p=0.0001) than extension scores. 211 
 212 
Figure 3. Mean and standard error JPS extension scores for active and inactive groups. **Active 213 
scores were significantly lower (p=0.017) than inactive scores. 214 
 215 
4. Discussion 216 
One aim of the current study was to provide normative knee joint position ability from an 217 
uninjured population. The values of knee JPS into flexion were 3.6°, 3.9°, 3.5°, 3,7° and 3.1° 218 
for ages 15-29, 30-44, 45-59, 60-74 and 75+ years old respectively. The normative values for 219 
knee JPS into extension were  2.7°, 2.5°, 2.9°, 3.4° and 3.9° for ages 15-29, 30-44, 45-59, 60-220 
74 and 75+ years old respectively. Normative data may be used by practitioners to evaluate 221 
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rehabilitation programmes by comparing injured patients’ performance to uninjured 222 
normative data. The normative data may also be used to screen athletes for proprioception 223 
imbalances and/ or deficits.  224 
4.1 The effect of knee direction and range of motion on joint position sense 225 
The normative population data revealed greater JPS error scores into knee flexion than 226 
extension. The improved knee position sense into extension may be attributed to the type of 227 
agonist muscle contraction involved in the movements. The knee extension trial may have 228 
provide greater levels of afferent feedback due to greater muscle spindle and Golgi tendon 229 
organ activation in the larger concentric quadriceps muscle contraction. Participants are also 230 
working against gravity in knee extension trials, which requires production of greater torque 231 
to a longer lever arm position than knee flexion and hence greater neuromuscular control and 232 
spindle activation which may result in greater proprioception feedback. The target position in 233 
the knee flexion trials had a shorter lever arm and perhaps required less neuromuscular 234 
control to a more neutral knee position (see figure 1). Furthermore, hip extensor muscle 235 
groups are more dominant in knee extension movements, potentially providing additional 236 
joint afferent information and hence a heightened joint position sense in this movement 237 
position and direction.  238 
The findings of this study may also be attributed to the range of motion involved in the 239 
testing procedures. The knee flexion protocol may be more dependent on muscular strength 240 
as the testing began at 0° and the participant had to move from a high torque position to a low 241 
torque target angle through 60 - 90° of motion. Hence the participants may have become 242 
more concerned with maintaining the 0° starting angle and range of motion in this procedure 243 
compared to the knee extension trials. This may have provided a more challenging 244 
environment than the lower range of motion task in the knee extension trials.  245 
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In support of these findings Boisgontier and Swinnen [8], Goble, Lewis and Brown [17] and 246 
Lonn et al. [31] reported increased joint position errors when the task range of motion was 247 
increased. This was explained by these authors due to an increased difficulty in task caused 248 
by increased cognitive load making proprioceptive processes more complex and hence 249 
resulting in greater joint position error scores.  250 
In summary the knee flexion task may have produced greater position error scores due to; a 251 
smaller agonist muscle group contributing afferent information in this knee direction, 252 
working with gravity into flexion to a smaller lever arm target position both reducing torque 253 
production and hence potential afferent information, a more challenging starting position and 254 
greater range of motion which may have created a more difficult joint position sense task.    255 
However, Friden et al. [14] reported opposing findings of lower error scores for knee flexion 256 
movements compared to knee extension. However different starting positions, target 257 
positions and angular velocities were used in comparison to the current study and therefore 258 
comparisons should be completed with caution. Drouin et al. [12] also considered direction 259 
and joint position sense and found no significant differences between flexion and extension 260 
again using a different joint position sense protocol. There is limited previous evidence at the 261 
knee joint to support the findings found in the current study. However, it is important to note 262 
the sample size in the current study came from a power calculation to provide 90% power and 263 
alpha set at 0.05. Results from this study suggest both knee flexion and extension should be 264 
used in clinical joint position sense testing.  265 
4.2 The effects of physical activity on knee joint position sense 266 
Active participants had better knee joint position sense than inactive participants. There was 267 
also a negative relationship between absolute error scores in to extension and levels of 268 
physical activity, that being as physical activity levels increased error scores decreased.  269 
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Participation in regular physical activity may improve knee joint proprioception ability [36, 270 
42-43, 57-58]. Ribeiro and Oliveira [43] and Petrella, Lattanzio and Nelson [36] stated that 271 
populations who exercised three times a week for at least 45-60 minutes had improved knee 272 
joint position sense compared to non-exercisers. Elderly exercisers can achieve similar 273 
proprioception levels to healthy (but not necessarily active) young controls [56-57]. Further, 274 
evidence suggests exercise of any type may improve proprioceptive ability [36, 42-43, 58]. 275 
Exercise may improve proprioception at both the peripheral and central levels [21]. Exercise 276 
may reduce the loss of muscle spindle afferent ability which may occur during periods of 277 
sedentary behaviour [2]. Hutton and Atwater [21] suggest regular exercise induces 278 
morphological adaptations at muscle spindle level, specifically reduction in the latency and 279 
increase in the amplitude of stretch reflexes. The repetition of a motor skill, as occurs in 280 
regular physical activity, can also increase the sensitivity of muscle spindle sensation and 281 
increase reliance of afferent information [25-26, 55] which again would improve 282 
proprioceptive acuity. 283 
At the central level exercise may increase gamma motor neurone signals which in turn could 284 
increase muscle spindle sensitivity [2]. Ribeiro and Oliveira [43] further suggest exercise 285 
affords the opportunity to make plastic changes in the central nervous system, which can 286 
improve the strength of synaptic connections among neurones. It is believed continuation of 287 
exercise into retirement ages creates a compensation for the loss of peripheral changes, such 288 
as reduced number of muscle spindles, by enhancement of sensitivity of the central encoding 289 
of sensory input [20]. However, further research is required to substantiate these theories. 290 
It is evident regular exercise may improve knee joint position sense, data from the current 291 
study provided support for this during knee extension results. However, there were no 292 
significant effects of exercise on knee flexion position sense. One possible explanation for 293 
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this is the target angle used in the knee flexion trial; this was unloaded with 90° of knee 294 
flexion. This position, without loading is less common in physical activity than the target 295 
angle in the knee extension task, which was a mid-range position commonly used in 296 
locomotion. Therefore physical activity may only enhance joint position sense in positions 297 
that are most commonly used in the movement.  298 
4.3 The effects of age on knee joint position sense 299 
In addition the current study considered the effect of age on knee joint positon sense. There 300 
was a significant but small to moderate correlation between joint position sense into 301 
extension and age, as age increased joint position sense ability decreased. A decrease in knee 302 
joint position sense ability in elderly groups is also reported by a number of authors [22, 27, 303 
35-36]. Most recently Ribeiro and Oliveira [43] compared knee joint position sense of young 304 
(average age 20.6 years) and older (average age 72.2 years) male participants and concluded 305 
the elderly group had double the error scores in joint position measurements than the younger 306 
group.  307 
This apparent age-related decline can be attributed to changes in both peripheral and central 308 
levels [20, 22, 43]. At peripheral levels, there is evidence to suggest the dynamic response 309 
and the total amount of muscle spindles reduce with age [32]. Specifically, there may be a 310 
reduction in intrafusal fibres and an accompanying increase in the spindle capsule thickness 311 
due to muscle denervation [18, 32-33, 42-43, 49, 52]. The changes in muscle spindle 312 
architecture may also be due to an increase in collagen and fibrous tissue content arranged in 313 
the inner capsule [32, 52]. There is evidence to suggest the fibrous tissue encapsulating 314 
extrafusal muscle fibres thickens with age [52]. In addition, nerve conduction velocity 315 
decreases and hence muscle spindle sensitivity decreases [53] and the net number of 316 
mechanoreceptors serving a joint is reduced [3, 18, 23] with ageing.  317 
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The central component of proprioception may also be altered with ageing, there is a reduction 318 
in the dendrite system in the motor cortex and hence a reduction of motor neurones in the 319 
central nervous system [20, 33, 43]. The motor neurones that remain are larger and have a 320 
reduced conduction velocity [10]. There has also been anecdotal evidence of a reduction in 321 
grey matter and hence a less effective central nervous system [18, 48]. 322 
However, the relationship between age and knee extension joint position sense only had a 323 
small to moderate effect. Furthermore, there were no significant differences between the five 324 
age groups in either knee flexion or extension absolute error scores. This suggests that age 325 
may not be the main cause of a deficit in static proprioception in all patients. This is in 326 
agreement with Pickard, Sullivan, Allison and Singer [37] who also did not find significant 327 
differences between young and old populations in joint proprioception. Pickard, Sullivan, 328 
Allison and Singer [37] did not conclude age does not influence static proprioception; rather 329 
elderly groups participating in regular physical activity may negate a proprioceptive decline.  330 
Indeed, evidence has indicated regular exercise attenuates the decline of proprioception with 331 
age. The majority of participants in the older groups in this study took part in some form of 332 
exercise; 45-59, 60-74 and 75+ age groups reported average Tegner scores of 4.1, 2.5 and 2.2 333 
respectively and some participants in each age group reported a GPPAQ score of Active.  334 
An alternative explanation for the small-moderate effect of age on knee joint position sense is 335 
linked to the use of cognitive resources in older age groups. Boisgontier et al. [7] reported no 336 
differences in ankle joint position sense ability between young and older adults when the task 337 
was relatively simple, with singular demands, similar to the current study design. It may be 338 
older adults are able to replicate younger adults proprioceptive ability by increasing their 339 
attention to afferent signals [7]. Therefore, future studies may need to consider dual-task 340 
paradigms that challenge the central processing of proprioception signals to identify clearly 341 
age-related declines in joint position sense ability.  342 
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4.4 Limitations 343 
A limitation of the research findings in the current study is the large standard deviation and 344 
confidence intervals stated in the data. For example the difference between knee flexion and 345 
extension error scores was just 0.7°; this is less that the standard deviations of each 346 
corresponding mean. Furthermore the difference between active and inactive participants was 347 
1.3°, again within one standard deviation of the means. The clinical significance of these 348 
values may be questioned. It is not yet known how much of a joint position sense difference 349 
is needed to increase the risk of an injury. Therefore future research should consider the 350 
correlation between knee JPS ability and functional performance. An additional limitation is 351 
the use of self-assessment surveys to record activity levels. It may be more appropriate to 352 
take a direct measure of physical activity such as a fitness test. However, research has 353 
indicated these both GPPAQ and Tegner activity scales are reliable and valid measures of 354 
physical activity [51, 56].  355 
Conclusion 356 
This study provides normative knee joint position sense data across five age groups. 357 
Normative data may be used by practitioners to evaluate rehabilitation programmes and also 358 
screen patients for proprioception imbalances and/ or deficits. There were some differences in 359 
joint position sense ability between knee flexion and extension and active and inactive 360 
participants. Results also indicated a small – moderate relationship between knee joint 361 
position sense into extension and age. Specifically, as age increased, JPS into extension 362 
worsened.  363 
Future work needs to consider how physical activity may improve knee joint position sense. 364 
It may be that clinical practitioners should consider physical activity level as a more 365 
important proprioceptive variable than age [46]. This has important implications for clinical 366 
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practitioners practice; it may not be necessary to introduce what has traditionally been known 367 
as specific “proprioceptive exercises” in training programmes but simply exercise of any 368 
type. However there is still further work to be done on exercise and position sense ability to 369 
ensure the most effective programmes are implemented. Future work should also consider the 370 
relationship between joint positon sense and functional ability.  371 
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Guidance Form 579 
 580 
 581 
 582 
 583 
 584 
 585 
 586 
 587 
 588 
 589 
 590 
 591 
 592 
 593 
 594 
 595 
 25 
 596 
 597 
 26 
 598 
 599 
 600 
 601 
 602 
 27 
 603 
Appendix 2: The Tegner Activity Scale 604 
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Appendix 3: Knee Injury and Osteoarthritis Outcome Score (KOOS) and Scoring Guidance 634 
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